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Townsville, QLD 4811, AustraliaThe selection of patients for carotid endarterectomy (CEA)
has been the subject of endless debate since the procedure
was introduced in the middle of the last Century. Approx-
imately 16 years ago, a collaboration of European Vascular
Specialists published a multi-centre study comparing
ultrasound and histological characteristics of carotid
atherosclerosis.1 At the time (and even today) it repre-
sented one of the biggest studies of its kind. The investi-
gators recruited 270 patients scheduled for CEA from nine
European centres. A detailed pre-operative carotid ultra-
sound was performed which included assessment of
stenosis severity; plaque echogenicity (on a scale of 1e3);
plaque composition (homogenous/heterogeneous) and
plaque surface characteristics (regular/irregular). Endar-
terectomy samples were formalin fixed, wax embedded,
sectioned and then examined with histological techniques.
A number of microscopic features were examined in the
plaque, most notably their “soft” constituents (lipid and
haemorrhage) and calcification. There were two particu-
larly notable findings from this work. First; the authors
reported that patients with more recent symptoms had
significantly greater amounts of soft constituents within
their atherosclerotic plaque. This suggested that intra-
plaque haemorrhage, a large lipid core and/or a large
necrotic core were important characteristics of unstable
carotid atheroma. Second; the authors reported a signifi-
cant association between plaque hypoechogenicity on
ultrasound and a large amount of soft tissue on histology.
This finding suggested that ultrasound could be used to
detect unstable plaques.
At that time, and still today, the main criterion for
selecting patients for CEA was stenosis severity following
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doi:10.1016/j.ejvs.2011.06.034Symptomatic Endarterectomy trials.2,3 By highlighting the
clinical potential of ultrasound imaging of plaque
morphology, the European Carotid Plaque Study was
a notable milestone in the move away from “luminology”,
a practice which started with traditional angiography.
The identification of unstable characteristics of carotid
atherosclerosis, other than stenosis severity, permitted
a greater understanding of plaque biology and the devel-
opment of novel ways to image and then identify unstable
carotid disease.4 Subsequent work on carotid plaque
biology was influenced to a significant degree by studies
performed on coronary atherosclerosis which promoted the
concept of plaque rupture. Studies comparing carotid
atherosclerosis removed from patients with recent symp-
toms of transient ischaemic attack or stroke and those who
were asymptomatic in the 1990s suggested that important
features of the unstable carotid plaque were: a thin fibrous
cap, cap infiltration by macrophages and T cells and plaque
rupture.4 Most of the studies were, however, small and the
histological techniques inconsistent.5 In 2006 Redgrave et al
published a study of 526 carotid endarterectomy samples
removed from 498 patients with a history of transient
ischaemic attack or stroke.6 Unlike previous studies, the
investigators used a standardised processing technique and
established reproducible methods to grade the histological
characteristics. Features of plaque instability, including
fibrous cap rupture and plaque infiltration by macrophages
and lymphocytes, were then correlated with time from the
most recent symptom. Not surprisingly, unstable plaque
characteristics were more commonly found in patients with
a recent stroke, a finding entirely consistent with clinical
evidence that the highest risk of recurrent symptoms is in the
early period after onset of symptoms.7 More recent studies
have highlighted a number of inflammatory, proteolytic, pro-
thrombotic and pro-angiogenic proteins which may be
involved in mediating plaque instability and this information
is being used in an attempt to target imaging methods to
enable the early detection of unstable carotid atheroma.8d by Elsevier Ltd. All rights reserved.
Table 1 Example of imaging techniques currently being used or under investigation to identify unstable carotid
atherosclerosis.
Imaging method Current stage of development
High resolution ultrasound with automated grey scale median assessment In use in a number of centres
Trans-cranial Doppler detection of microemboli In use in a number of centres
High resolution magnetic resonance imaging In use in a number of centres
High resolution computed tomography In use in a number of centres
Targeted imaging e.g. positron emission tomography, antibody labelled microbubbles Under evaluation
Contrast-enhanced ultrasound Under evaluation
S40 J. GolledgeThe Table 1 illustrates those imaging modalities that
have been developed for the detection of unstable carotid
atherosclerosis,8 but their ability to accurately reflect
histological characteristics of carotid atheroma remains
controversial.5 An example relevant to the work of the
European Carotid Plaque Study Group is the measurement
of carotid plaque grey scale median, a method which has
now been automated and (in some studies) found to be
predictive of subsequent cerebral events.9 Interestingly,
increased carotid plaque echolucency has also been asso-
ciated with a greater risk of cardiovascular events at
remote sites, such as myocardial infarction.10 Finally, these
imaging modalities could be used to assess how athero-
sclerosis changes over time, perhaps indicating the ability
of medical therapy to modify the plaque structure.
Identifying the unstable carotid plaque remains a chal-
lenging problem. Currently, a recent history of transient
ischaemic attack or stroke (ipsilateral to the vascular
territory supplied by the affected carotid artery) remains
the most practical way of identifying a patient with an
unstable carotid plaque who might benefit from an invasive
intervention. Developing reliable and accurate imaging and
biomarker diagnostics may eventually prove to be of
considerable additional clinical value in providing better
clinical tools where they are needed, for example in order
to identify asymptomatic patients with higher risk plaques.Funding
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